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ACCORDING TO Kramer and Koz- 
lowski (1), the photosynthesis of 
temperate zone trees that are well 
exposed to light probably is in- 
hibited most frequently by the low 
carbon dioxide concentration of the 
air, which averages abont 300 
parts per million (0.03 pereent by 
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Abstract. Micro-sites rich in carbon dioxide were found in the shaded portions 
of a forest opening, near the forest edge, and in the proximity of decaying logs. 


volume). At low light intensities, 
as often found under forest can- 
opies, light may be limiting the 
rate of photosynthesis, possibly ne- 
gating the influence of the greater 
carbon dioxide concentrations 
which may exist. However, one can 
readily visualize situations in which 
tree seedlings receive more than 
enough light for maximum photo- 
synthesis, especially if the species is 
shade-tolerant, and are capable of 
utilizing the “extra” carbon dioxide 
furnished by particular micro-sites. 
The studies reported here repre- 
sent brief probes into this aspect 


of the forest environment; the main 
body of the dissertation from which 
this article is taken along with an 
extensive review of the literature 
on the subject is to be published 
elsewhere. 


Materials and Methods 


Carbon dioxide concentrations 
were measured in the field with a 
model 15A Liston-Becker infrared 
gas analyzer coupled with an Ester- 
line-Angus recording milliammeter. 
Air was drawn through Tygon plas- 
tie tubing with a small (1/70 hp) 
diaphragm-electrie pump at a flow 
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Fic. 2.—Distribution of carbon dioxide at the forest edge. 


Dashed line represents a second set of readings taken in, the 
field during the same day. 


Fic. 1—Distribution of carbon dioxide from the forest to an 


open field. 


rate of 1 liter per minute. Mois- 
ture was removed from all air sam- 
ples by circulation through Drierite 
(CaS04) prior to introduction into 
the analyzer. 

Field work was conducted on ap- 
proximately 1 acre of a plantation 
that had been established on an 
abandoned field in the North Bran- 
ford Division of the Eli Whitney 
Forest near New Haven, Conn., 
in 1934, Northern red oak (Quer- 
cus rubra L.), black spruce (Picea 
mariana [Mill.] B.S.P.), eastern 
hemlock (Tsuga canadensis [L.] 
Carr.), and eastern white pine 
(Pinus strobus L.) had been plant- 
ed at 1.8 X 1.8 meters (6 X 6 feet) 
spacing in square 9-tree blocks. 
The trees averaged 14 centimeters 
in d.b.h. and 10 meters in height. 
The gas analyzer was situated near 
a small forest opening, approxi- 
mately 9 meters in diameter. The 
distribution of carbon dioxide along 
a line from a forest edge composed 
of hemlock into a field of clipped 
bluegrass (Poa spp.) was also in- 
vestigated. 


Results and Conclusions 


Distribution of carbon dioxide in 
the forest opening—The content 
of carbon dioxide 7.6 centimeters 
(approximately 3 inches) above the 
bare mineral soil in the forest 
opening was found to vary from 
sunny to shady areas. On the basis 
of 5 days of sampling, shaded por- 
tions of the opening had an aver- 
age of 8 ppm more carbon dioxide 
than areas in the sun. During the 
morning the shaded eastern por- 
tion of the opening had greater 
carbon dioxide concentrations than 
the western section. In the after- 
noon, the situation was usually re- 
versed (Table 1). A “t’-test of the 
138 samples on which Table 1 is 
based, with values paired by time 
of sampling, showed the difference 
in the carbon dioxide content of 
shaded and sunny areas to be sig- 
nificant at the 1 percent level. Mil- 
ler and Riisch (3), sampling 15 
centimeters above the forest floor, 
found similar differences in the 
carbon dioxide content of shaded 
and sunny areas. 

This small decrease in carbon 


TABLE 1.—AVERAGE CONTENT OF CARBON DIOXIDE (PPM) IN SUNNY AND SHADED 
PORTIONS OF THE FOREST OPENING 


In shade In sun 
Date Eastern Western Eastern Western Difference 
(1960) Time edge edge edge edge (Shade-sun) 
July 18 a.m. 312 (4)* 305 (4) 7 
p.m. 301 (12) 287 (12) 14 
July 19 p.m. 315 (12) 305 (12) 10 
July 20 m. 319 (8) 307 (8) 12 
314 (5) 315 (5) -1 
July 21 329 (9) 319 (9) 10 
302 (12) 298 (12) 4 
July 22 327 (7) 323 (7) 4 


*Number of observations on which average is based. 


dioxide concentrations with insola- 
tion is probably due to local tur- 
bulence, although increased photo- 
synthesis of adjacent vegetation. 
could play a role. The portions of 
an opening shaded during the 
greater part of the day would be 
expected to lose little carbon diox- 
ide by such turbulent action. This 
may serve as a slight advantage 
for vegetation in that part of an 
opening, if only the carbon dioxide 
factor is considered. 

Distribution of carbon dioxide 
from the forest to the field—Fig- 
ure 1 represents the distribution 
of carbon dioxide from the hem- 
lock edge into a bluegrass lawn 
7-10 centimeters high on August 
22, 1960, from 11 am. to 1 p.m. 
Sampling was conducted 7.6 cen- 
timeters off the ground surface. 
The forest edge faced north and, 
during sampling, there was a south- 
west wind of about 6 mph. 

Lundegardh (2) theorized that, 
since the wind sweeps over fields 
more easily than through the for- 
est, field plants must usually exist 
under lower concentrations of car- 
bon dioxide than forest plants. 
There was a sharp decrease in the 
carbon dioxide content from the 
forest to the open field, although 
the influence of the forest appeared 
to extend a short distance beyond 
the edge itself. Sampling in the 
vicinity of the forest edge from 1 
p-m. to 3:30 p.m. on the same day 
with similar winds showed some 
forest edge influence at least a few 
meters into the field (Fig. 2). This 
eould conceivably be beneficial for 
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plants growing near the forest 
edge. 

Content of carbon dioxide near 
decaying logs.—Micro-sites rich in 
carbon dioxide were found in the 
forest near decaying logs in the 
summer of 1960. A black birch 
(Betula lenta L.) log 13 centi- 
meters in diameter increased the 
concentration of carbon dioxide 2.5 
centimeters away by 5 to 10 ppm. 
In another instance, sampling was 
conducted 7.6 centimeters off the 
forest floor along a line outward 
from a pile of about 2.5 cubic me- 
ters (0.7 standard cord) of decayed 
logs, stacked about 65 centimeters 
high, and comprised principally of 
black birch. The content of carbon 
dioxide progressively increased 
from 285 ppm at 1.5 meters to 340 
ppm at the edge of the pile. Sam- 
pling was conducted 5 centimeters 
above the forest floor, with accom- 
panied wind measurements ob- 
tained with an Alnor thermo-ane- 
mometer, toward the same micro- 
site in 1962. The concentration of 
carbon dioxide from different direc- 
tions increased with proximity to 
the logs, while wind speeds tended 
to decrease (Fig. 3). The higher 
concentrations of carbon dioxide 
near the logs must be due to the 
accumulation of the product of de- 
cay as the result of low wind move- 
ment. 

Tt is possible that inereased car- 
bon dioxide concentrations of this 
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Fic. 3—Carbon dioxide concentrations and wind speeds from different directions 


toward decaying logs. 


magnitude may be beneficial for 
plant growth and could be another 
factor, in addition to the stable 
moisture regime of rotten wood 
(4), accounting for the abundant 
regeneration of tree species com- 
monly noted on decaying logs. 
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